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Calorimeter	Electronics	Overview-I	
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System	Overview	-	II	

•  “Common”	Design	for	both	
EMCal	and	HCal	
–  OpMcal	sensor:	Silicon	

PhotomulMplier	(SiPM)	
–  Font	end	analog	secMon:	

•  AmplificaMon	
•  Shaping	
•  Gain	adjust	
•  Different	packaging	for	EMCal	

and	HCal.	
•  Located	on	detector	

–  Digital	backend	secMon:	
•  ConMnuous	waveform	

digiMzaMon	
•  14	Bit	ADC	
•  6x	Beam	Clock	digiMzaMon	rate	
•  Located	near	detector	in	IR	

–  Common	low	voltage	and	bias	
voltage	systems	
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EMCal	SiPM	daughterboard	for	4	towers	

EMCal	2x8	Preamp	board	

Hcal	SiPM	holder	and		
Preamp	board	



WBS	1.6:	Design	Drivers	

•  OpMcal	Sensors:	
–  Immune	to	magneMc	fields	
–  Dynamic	Range:	104	
–  Gain:	105	
–  Photon	DetecMon	Efficiency:	25%	

•  Analog	Front	End:		
–  Signal-to-Noise:	10:1	
–  Peaking	Mme:	30	nSec	
–  Gain:	100	mV/pC	

•  DigiMzer:	
–  ResoluMon	14	bits	(12	bit	effecMve)	
–  Maximum	sampling	frequency:	65	

MHz	
–  Latency	(L1	Trigger):	40	Beam	

Crossings	(BCO)	
–  MulM-event	buffering:	4	Events	
–  L1	Trigger	rate:	15	KHz	
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DigiMzer	Board	(lek)	and	Crate	Controller	(Right)	

Prototype	Crate	with	XMIT,	Digitzer	and	Controller	boards	



WBS	1.6	Scope	

•  OpMcal	Sensors:	
–  EMCal:	98304	SiPMs	
–  HCal:	13824	SiPMs	

•  Front	End	Analog	Electronics:		
–  Amplifier/Shaper/Driver	

Circuits	for		
•  EMCal:	24576	Channels	
•  Hcal:	3027	Channels	

–  Front	End	Slow	Control:	
•  EMCal:	64	Channels	
•  HCal:	128	Channels	
•  Crates:	8	

–  LED	Based	TesMng/CalibraMon	
System	
•  EMCal:	6144	channels	
•  HCal:	128	Channels	

•  Back	End	Digital	Electronics:	
–  ADC	Boards:	432	
–  XMIT	Boards:	108	
–  Controllers:	28	
–  Clock	Masters:	28	
–  Crates:	28	

•  Power	&	Cabling:	
–  Power	Supplies:	TBD	
–  Power	Cables:	TBD	
–  Analog	Signal	Cables:	1728	
–  OpMcal	Signal	Cables:	164	
–  Slow	Control	Cables:	192	

•  Q/A	TesMng	and	Reviews	At	All	
Stages	
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WBS	1.6:	Interfaces	

Inside	the	scope	of	WBS	1.6:	
•  OpMcal	sensors	

–  HCal	SiPM	boards	w/	SiPMs		
–  EMCal	SiPM	boards	w/	SiPMs		

•  Analog	Electronics	
–  Amplifiers	(EMCal/HCal)	
–  Controls	(EMCal/HCal)	
–  On	board	electronics	cooling	(EMCal)		
–  LED	CalibraMon	(EMCal/HCal)	
–  Crates	&	power	supplies	(EMCal/HCal)	
–  Internal	signal	cables	(EMCal/HCal)	

•  Digital	Electronics	
–  Digitzer	Modules	
–  Controllers/XMIT	modules	
–  Crates	&	power	supplies	
–  Analog	signal	cables	
–  OpMcal	cables	to	IR	Patch	cables		

Outside	the	scope	of	WBS	1.6	

•  DAQ		
–  Bulk	OpMcal	Cable	(WBS	1.10)	
–  DCM-IIs	(WBS	1.7)	

•  Trigger	&	Timing	(WBS	1.7)	
•  Electronics	Cooling	System	(WBS	

1.10)	
•  Racks	(WBS	1.10)	

–  AC	Power	
–  Smoke/Water	detectors	
–  Rack	Cooling	

•  InstallaMon	
–  EMCal	Front	End	(WBS	1.4)	
–  HCal	Front	End	(WBS	1.5)	
–  Digitzer	Crates	(WBS	1.11)	
–  External	Cable	rouMng	(WBS	1.11)	
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WBS	1.6:	Management	Structure	
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WBS	1.6:	L2	Manager	and	CAMS	

•  Eric	Mannel	(BNL)-	L2	
–  HiRes	Fly’s	Eye:		

•  Hardware/Sokware	IntegraMon	
•  CalibraMon	Systems	
•  DAQ	Design	

–  VTX	Electronics	Project	Engineer	
•  Project	management	
•  Power	Systems	Design	

–  FVTX	Electronics	Project	Engineer	
•  Project	management	
•  Power	Systems	Design	

•  ChrisMne	Aidala	(UM)-	CAM	SiPMs	
–  Associate	Professor	
–  Co-Convener	sPHENIX	Cold	QCD	Topical	

Group	
–  Member	of	the	sPHENIX	IB	
–  Hardware	experience	on	PHENIX	FVTX	

detector	
•  Detector	assembly	
•  Q/A	Procedures	

•  Steve	Boose	(BNL)-	CAM	Analog	
Electronics	
–  Senior	Electrical	Engineer		
–  39	years	of	experience	
–  Developed	ocean	and	atmospheric	sensor	

hardware/sokware	in	support	of	DOE	
Ocean	Margins	and	NASA	Sea-Wifs	
programs	

–  Analog,	Digital	and	Power	System		design	
for	PHENIX/sPHENIX	

•  Cheng-Yi	Chi	(CU/Nevis	Labs)-	CAM	
Digital	Electronics	
–  Senior	Research	ScienMst	
–  30+	years	of	analog	and	digital	design	

•  PHENIX	Hadron	Blind,	ResisMve	Plate	
Chamber,	&	Muon	Piston	Chamber	
Detectors	

•  MiniBoone/MicroBoone	digiMal	electronics		
–  Recipient	of	IEEE	2014	Computer	

ApplicaMons	in	Nuclear	and	Plasma	Sciences	
Award	
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WBS	1.6:	Schedule	Drivers-I	
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WBS	1.6:	Schedule	Drivers-II	
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WBS	1.6:	Budget	

•  SiPMs	
–  EMCal:	$920K	
–  HCal:	$132K	

•  EMCal	Analog	
Electronics:		
–  Components:	$1.3M	
–  Assembly:	$134K	
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•  HCal	Analog	Electronics	
–  Components:		$175K	
–  Assembly:	$105K	

•  DigiMzer	Electronics	
–  Components:	$1.1M	
–  Assembly:	$425K	



WBS	1.6:	Budget	
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1.6	Calorimeter	Electronics	



WBS	1.6:	Labor	Profile	

Nov	29,	2016	 sPHENIX	Cost	and	Schedule		 13	



WBS	1.6:	Status	

•  EMCal/HCal	Analog	Prototype	V0:	Test	Beam	
EvaluaMon	in	Feb	2014	(Generic	R&D)	

•  EMCal/HCal	Analog	Prototype	V1:	Test	Beam	
EvaluaMon	in	April	2016	(Generic	R&D)	

•  EMCal/HCal	Analog	Prototype	V2:	Test	Beam	
EvaluaMon	Scheduled	Jan	2017	(Generic	R&D)	

•  DigiMzer	Prototype	V1	tesMng		to	start	Jan	
2017	(Generic	R&D)	

•  EMCal/HCal	Analog	preproducMon	prototype	
FY2018	(OPC)		
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WBS	1.6	DicMonary	Example	

•  WBS	dicMonary	has	
been	developed	to	level	
4;	1.05.xxx.yyy	

•  Includes:		
–  Cost	Content	
–  Technical	Scope	
– Work	Statement		

•  It	is	a	work	in	progress	
–  Currently	~34	tasks		
–  28	pages	in	length	
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WBS	1.6:	Basis	of	EsMmate	

•  Defines		
–  Scope	of	the	EsMmate	
–  Pricing	assumpMons	
–  Labor	EsMmates	for	planning	
purposes.	Only	Proj	Mangt	
labor	is	incl	in	MIE	

– Material	
–  Risk	Level		

•  Currently	created	for	“high	
cost”	Items	
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WBS	1.6:	Basis	of	EsMmate-II	
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WBS	1.6:	Risk	Analysis	
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Risk	 Rank	 MiDgaDon	Plan	

SiPM	Procurement	
Schedule	

Low	 InvesMgate	alternaMve	vendors.	
Early	procurement	

SiPM	Neutron	Damage/
Life	Time	

Moderate	 ConMnue	irradiaMon	studies	
Evaluate	alternaMve	SiPM	devices	

EMCal	Cooling	 Moderate	 Early	design	work	
½	Sector	prototype	evaluaMon	

Noise	and	Cross	Talk	 Low	 Detailed	grounding	plan	
Early	prototype	evaluaMon	
Detailed	design	reviews	

Interior	Cable	RouMng-	
EMCal	

Low	 Early	design	work	
½	Sector	prototype	evaluaMon	



WBS	1.6:	Issues	and	Concerns	

•  Neutron	radiaMon	damage:	ConMnuing	studies	in	progress	
•  Gain	stability:	Plan	developed	and	being	tested	
•  RadiaMon	tolerance	of	devices:	Will	qualify	all	devices	in	

“high”	radiaMon	areas.	
•  Signal	Integrity	(e.g.:	cross	talk,	noise	levels):	On	going	

studies	in	progress	
•  Ground	Plan:	Preliminary	plan	being	developed	
•  Cable	RouMng:	Using	mockups	to	finalize	plan	
•  Prototyping:	MulMple	tests	scheduled:	Lab,	Test	Beam…	
•  Labor:	Core	group	in	place,	BNL/Columbia,	for	design	and	

fabricaMon,	but	will	need	to	work	with	collaborators	to	
finalize	producMon	tesMng	stage.	
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BACKUP	SLIDES	
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Milestones	
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E)	Current	Status	of	Cost	EsMmate	
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Required	Number	of	ProducMon	Components		

•  OpMcal	Sensors:	113664	
–  EMCAL:	98304	
–  HCal:		15360	

•  Preamp	Boards*:	4352	
–  EMCal:	1536	
–  HCal:	3072	

•  Interface	Boards*:		
–  EMCal:	64	
–  HCal:	128	

•  Controllers:	
–  EMCal:	8	
–  HCal:	16	

•  DigiMzer	Boards:	432	
–  EMCal:	384	
–  HCal:	48	

•  XMIT	Boards:108	
–  EMCal:	96	
–  HCal:	12	

•  DigiMzer	Controllers/Clock	
Masters:	28	
–  EMCal:	24	
–  HCal:	4	

•  Crates:	28	
–  EMCal:	24	
–  HCal:	4	
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*	Different	layout		for	EMCal/HCal	



E)	Cost	EsMmates	

•  Based	on:	
– Number	of	modules	required	in	reference	design.	
–  Cost	of	R&D	modules	scaled	to	producMon	quanMMes	
where	possible	

–  Cost	of	similar		or	past	produced	modules	if	there	is	
not	yet	an	R&D	version.	

–  Budgetary	esMmates	for	large	cost	items:	SiPMs,	
FPGAs,	ADCs,	Signal	Cables…	

–  FabricaMon	and	assembly	commercially	done,	only	
final	assembly	done	in	house.	

–  Includes	Q/A	tesMng	
–  ConMnuing	to	refine	as	designs	become	more	
detailed.	
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H)	Path	to	CD-1	

•  Updates	to:	
–  1-Feb-2017:	Project	File;	E.	Mannel	
–  1-Feb-2017:	WBS	DicMonary;	E.	Mannel	
–  1-Feb-2017:	Risk	Analysis;	E.	Mannel	
–  1-Mar-2017:	Boxoms	up	cost	esMmate	with	budgetary	quotes	were	

appropriate	for	most	recent	design.	S.	Stoll,	C.	Chi,	S.	Boose	
–  1-Mar-2017:	Basis	of	EsMmate	and	Cost	Sheets;	E.	Mannel,	S.	Stoll,	C.	

Chi,	S.	Boose	
•  Ongoing:	Update	design	documentaMon	

–  Technical	specificaMons;	E.	Mannel,	S.	Boose	
–  Design	documents;	E.	Mannel,	S.	Boose,	C.	Chi	

•  Prepare	CD-1	documentaMon	as	required;	E.	Mannel,	S.	Boose,	C.	
Chi,	C.	Aidala	
–  BNL	Internal	Review:		April	2017	
–  DOE	Review:	June	1	

	
Nov	29,	2016	 sPHENIX	Cost	and	Schedule		 25	


